THE literature abounds in descriptions of almost every known type of nervous lesion, both functional and organic, which has at some time or another, rightly or wrongly, been attributed to an antecedent spinal anesthesia. Summaries of such lesions have been made by Koster [1], and by Albo and Pla [2]. Koster's classification-given below-is a serviceable frame on which to work: (A) Immediate: (1) Paralysis of the anterior roots of the phrenic nerves;
THE literature abounds in descriptions of almost every known type of nervous lesion, both functional and organic, which has at some time or another, rightly or wrongly, been attributed to an antecedent spinal anesthesia. Summaries of such lesions have been made by Koster [1] , and by Albo and Pla [2]. Koster's classification-given below-is a serviceable frame on which to work: (A) Immediate: (1) Paralysis of the anterior roots of the phrenic nerves;
(2) failure of the respiratory centre.
(B) Remote.-(1) Meningitis; (2) paresis and anesthesia; (3) headache; (4) mental changes; and to these four I have ventured to add (5) backache;
(6) late results.
(A) Of the immediate group, I propose to say little. The dramatic and comparatively public nature of these two disasters ensures that they are kept well to the foreground in anly assessment of the value of spinal anesthesia. I would only remark (1) that paralysis of the anterior roots of the phrenic nerves can only be caused by either a grave error in technique or dosage, or by the use of a drug which is not easily controllable, and that this disaster should not occur in the hands of an experienced administrator; (2) with regard to paralysis of the respiratory centre, every non-volatile drug injected into the body must pass through the blood-stream before it can be excreted. There is no drug used for spinal anesthesia which is not, at every injection, a source of at least potential danger to the respiratory centre by the process of blood-absorption which Howard Jones [31 so graphically described at the meeting of the British Medical Association in 1931.
In this connection the statements often made that various drugs are "non-toxic" are definitely comparative and not absolute claims.
(B) Remote.-(1) Koster places meningitis first in this list, and I have had one case, and that unhappily a fatal one, in a series of 650 cases. The patient, a man aged 70, had had partial cystectomy undergone for severe carcinoma of the bladder, under percaine. The anesthetic was given by a very competent student under my supervision, and everything went smoothly at the time. Twenty-four hours after operation, the patient had some slight symptoms of meningismus, and was a little drowsy. Re-puncture on the following day showed a slightly turbid cerebrospinal fluid under increased pressure. On the tenth day a non-haemolytic streptococcus was obtained on culture. Without ever developing fulminating symptoms of meningitis, the patient went slowly downhill and died seven weeks after operation.
The technique of administration was quite correct in every detail. While it is impossible to say definitely that the meningitis was caused by the spinal anaesthetic, MAR.-ANA:S. 1. the presumptive evidence is so strong that the case must be recorded. Even if the infection was blood-borne, the slight reaction to the injection of a foreign body probably increased the susceptibility of the meninges to infection.
(2) Paresis and analgesia.-I have had three severe cases in this group in 650 cases, two transient, and one fatal. Of the two transient cases, one was a sixthnerve paralysis which took eight weeks to resolve in a patient operated on for acute appendicitis under percaine, and the other was a paresis of the legs, accompanied by severe headache, tingling in the legs, and retention of urine, in a patient who had an ovariotomy performed under stovaine.
This condition cleared up in eighteen days. I 'would have welcomed the opportunity to re-examine this patiept at a later date, but unfortunately the ovarian cyst was malignant, and she has since died. The fatal case occurred in a patient, aged 51, undergoing the second stage of a prostatectomy under spinocain. Intrathecal puncture was difficult, but the cerebrospinal fluid was not blood-stained, and the spinocain was injected. Anesthesia was unsatisfactory, and some ether was required during the operation. The patient left the table in good condition. On recovering consciousness, he complained of cramp and stiffness in his legs. About five hours after operation he had a profuse "coffee-ground " vomit and after this his pulse deteriorated, and he complained that his legs were worse. I saw him exactly twenty-four hours after operation, and he then had a complete paralysis of the spinal cord below the level of the ninth dorsal vertebra with obvious signs of upward extension, and profound circulatory collapse. He was conscious and rational, although very weak, and died an hour later from heart failure. Re-puncture was out of the question when I saw him. No post-mortem examination was held. The possible explanations were either a hemorrhage of such severit,y as to compress the spinal cord, or a virulent infection, which was unlikely, as the catastrophe was so rapid in onset and progress.
(3) The next group is that of headache, and I venture to suggest that although, happily, this is rarely fraught with serious consequences, it is the most important of all the remote nervous sequelte of spinal anEesthesia, because it is the most frequent, and one of the most difficult to treat. There are few experiences more galling to an anvesthetist than to send a patient back to bed well satisfied with spinal anesthesia, and to find this satisfaction changed by the occurrence of headaches twenty-four to forty-eight hours later to a dissatisfaction, which, if the headache persists, often spreads to the surgeon. The effect on the patient would not be so bad if it was not so unexpected, but my experience is that if the word headache is mentioned to a patient undergoing spinal anvesthesia, they will usually subsequently develop one, and connected with this, that they noticeably occur more frequently in some wards than in others. This rigbtly suggests a functional element, but this does not evade the problem of prevention and treatment. The literature reveals that the incidence of headache may be as high as 40%, or as low as 2% [i], and Koster [51 reports 10% of severe headaches in 6,000 cases.
In my own experience, nine cases of headache have occurred in 184 administrations of percaine, that is, 4-9%. Although, unfortunately, I am unable to produce exact figures, the incidence with stovaine and spinocaine is slightly less, and this the only nervous sequela of spinal anesthesia in which the incidence appears to be greater with one particular drug than with others. Many setiological theories have been advanced to account for this condition, but probably the two most widely accepted are: First, that headache is produced by "seepage " of cerebrospinal fluid at the site of puncture, and second, that the slight meningeal irritation produced by the injection of the antesthetic drug causes a disturbance of the function of the choroid plexus in maintaining a normal balance between secretion and excretion of cerebrospinal fluid. It is probable that, one reason for the difficulty of treatment is that both types occur, and that it is often difficult to 20n 502 decide in the early stages to -which type any given headache belongs. Another reason is that it is often difficult for a visiting anaesthetist to see hospital cases until a week has elapsed since the anasthetic was administered, and thus there is not always the opportunity to direct treatment in the early stages. Prevention is better than cure, and my own routine with patients who have had spinal anesthesia is that unless there is some medical or surgical contra-indication to the procedure, they are kept in slight Trendelenburg position for at least eight hours after operation, recumbent for twenty-four hours, and that reading is forbidden for at least twenty-four hours. This procedure, although by no means infallible, has appreciably diminished the incidence of headache.
Many methods of treatment have been recommended. In cases which do not yield to palliative treatment with phenacetin-aspirin, the recumbent posture, and a darkened room, Koster [61 recommends intramuscular injection of pituitrin 1 c.c., or ephedrine i gr., and if this fails, three 6-oz. enemata of a 50% solution of magnesium sulphate at four-hourly intervals. If this fails he recommends intravenous injection of 2 c.c. of a 50% solution of magnesium sulphate, and, as a last resort, re-puncture. Shaw [7] recommends intravenous injection of 70 c.c. of a 15% solution of sodium chloride, or of a 50% solution of glucose, but the variety of recommendations is almost a sure proof of their lack of infallibility. My own view is that the milder and usually frontal types of headaches are due to seepage, and that in this type resumption of the recumbent posture and administration of phenacetin-aspirin will usually effect a rapid cure, and that if this treatment is not successful within forty-eight hours, or if the headache is occipital, and associated with signs of meningismus, or extends down the back of the neck, it is not due to seepage, but to hypersecretion of cerebrospinal fluid, and that re-puncture is the shortest cut to a cure. A re-puncture also has the advantage of being, by its diagreeable nature, an efficacious form of treatment in cases in which the functional element is most pronounced.
Mental changes.-Under this heading, the only case which I have encountered in my series of 650 was one in which a man who had had lumbar sympathectomy performed under percaine developed maniacal delirium and died. The surgeon, who in pre-war days had had a vast experience of this disease, was certain that the condition was delirium tremens, and that the anesthetic was entirely innocent, and I mention this case merely because I feel sure that had a surgeon with less experience of delirium tremens been in charge of the patient, the anesthetic would have fallen under suspicion, and it thus provides an excellent illustration of the way in which the nervous sequelhe might, under less fortunate conditions, have been wrongly attributed to a spinal anmesthetic.
Backache.--If it is not due to unphysiological posture during operation, this condition nearly always occurs only when the spinal puncture has been difficult, and is evidently due to local trauma and irritation at the site. Its incidence tends to diminish, therefore, in direct ratio to increasing experience and facility of manipulative technique. It is almost invariably of short duration (two to four days) and yields better to the influence of phenacetin-aspirin than to that of morphia, and, if practicable, best of all to repeated light massage.
Late results.-Coincident with the recent increase in the use of spinal anasthesia, there exists an increasing tendency to attribute many varieties of subsequent nervous lesions to an antecedent spinal anssthetic. It is often difficult, if not impossible, definitely to prove or disprove this relationship. The two cases of disseminated encephalomyelitis reported by Maclachlan [8] provide an excellent example of this difficulty. Both these unfortunate patients developed a disease allied to disseminated sclerosis shortly after they had had a spinal anwsthetic, but although in these cases the presumption of cause and effect is strong, it is never more than a presumption.
MAR.-ANJES. 2 * Evans [9] states that in the whole of the literature he has only been able to find two cases in which organic nervous lesions beginning at a later date could definitely be attributed to an antecedent spinal anesthetic. Please note the qualification " beginning at a later date," for it rules out the commoner reports of cases in which nervous sequelm developing soon after spinal anresthesia persist for months or even years. Nevertheless, the number of cases is increasing in which nervous lesions following spinal anaesthesia have been attributed by patients or their doctors to the effects of the anesthetic, and it was with a view to ascertaining the nature and frequency of such cases that I undertook the investigation into the late results of spinal anaesthesia which I am about to describe to you.
All the patients to whom I had administered a spinal anesthetic at Manchester Royal Infirmary during a three-year period, and who had left hospital alive, were circularized. A three-year period was chosen as being one which contained the greatest variety of drugs used, and 272 circulars were sent out, the anaesthetic agents which had been used being distributed as follows: spinocain 148, stovaine 65, percaine 34, duracaine 18, planocaine 6, procaine 1; total 272.
The circular inquired as to (1) '2) Whether medical attention was being received at the time of circularization. 202 replies were received. 41 patients had died in the interim, and of these 27 had died from the disease which had necessitated operation. 97 patients gave a completely negative answer to every question, and the remaining 64 gave a positive or doubtful answer to one or more questions. Although it was fairly obvious that out of the 64 unsatisfactory replies a large number of the answers were probably quite irrelevant, yet in order to conduct the inquiry with scrupulous fairness, all these patients were asked to present themselves for examination. 30 did so, and my friend Dr. F. R. Ferguson kindly undertook the neurological examination of these cases. These 30 patients were placed in one of three groups.
(1) Those with symptoms which appeared definitely not to be caused or aggravated by the antecedent spinal ancesthetic. (2) Those with symptoms doubtfully related to the ansesthetic. (3) Those with symptoms which appeared definitely to be caused or aggravated by the spinal anasthetic.
Of the 30 patients examined, 21 were placed by Dr. Ferguson in the first group, that is, their symptoms appeared definitely not to be due to the antecedent spinal anaesthetic. A large proportion of the 21 patients had symptoms due to other lesions, which, except for careful examination, might easily have been attributed to the anmesthetic. For example, one patient complained of headaches and vomiting, beginning a few weeks after operation. He was found to have bilateral optic atrophy, and, after thorough investigation, two neurologists have independently arrived at the conclusion that he has a diffuse intracranial vascular lesion, probably syphilitic in origin. The variety of unrelated conditions found to be the true cause of the symptoms of many of these patients was remarkable. Chronic nephritis, hyperpyesis, and uncorrected errors of refraction accounted for the majority of those complaining of headache. Arteriosclerosis was the commonest cause of tingling or weakness in the legs, while one patient with this symptom had a classical hemiplegia two years after prostatectomy, and another had marked varicose veins in the legs. This group illustrates the importance of insisting upon a thorough examination of any patient who has nervous symptoms which might be loosely attributed to an antecedent spinal antesthetic.
Two patients were placed in Group 2-that in which the relationship of spinal anaesthetic to the nervous symptoms was doubtful. In neither of these patients, one of whom had received stovaine, and the other duracaine, was any organic nervous 504 Section of Ancestheties lesion found, and the pains in the leg in one and the headaches in the other were probably functional, but nevertheless probably related psychologically if not physically to the antecedent spinal anesthetic or operation, as shown by the date of onset.
Seven patients had symptoms, happily none of them serious, which appeared to be definitely caused by, or aggravated by, the antecedent spinal anaesthetic or operation. Three of them-the youngest aged 66-were suffering from indefinite cerebrovascular degeneration, in one case from the history apparently precipitated by, and in the other two cases aggravated by, the antecedent spinal anesthetic. One of these three cases received percaine, and two spinocain. These three cases oL cerebrovascular degeneration may be dismissed as unimportant with the pertinent inquiry as to whether any other form of anaesthesia would not have produced the same result. Two patients complained of unilateral deafness, first noticed within one week of operation. In one case the deafness had cleared up when the patient was examined, after a duration of nearly three years. The only abnormality then found was an area of paraesthesia at the site of the fracture of the tibia which had originally necessitated the anaesthetic.
In the other case, the deafness commenced within ten days of operation and still persists, two years later, while during the last year it has been accompanied by headache. Examination of the ears for local disease was negative and no other organic nervous lesion was detected, but in both these cases the deafness definitely dated from the anaesthetic. One of these patients received stovaine, and the other spinocain.
Of the two remaining cases, one was a man aged 28, who had had orchidectomy performed two years ago under spinocain for tuberculous epididymitis. He complained of occipital headaches and pain in the left leg, and on examination the abnormalities found were a definite tenderness of the scalp and a diminished anklejerk on the left side. In this case, the onset of pain in the leg was closely related to the anaesthetic, although the headaches did not commence until a year ago. The remaining case was a man who had a bilateral radical cure of inguinal hernia under percaine. The right side suppurated and healing was delayed for seven weeks. Three days after operation, he complained of headache, and later of failing eyesight, and tingling and numbness in his right leg. When examined, he had a large area of paraesthesia on his right leg, which could be accounted for by involvement of cutaneous nerves in the suppurative process, and he had no other objective nervous lesion, but he has undoubtedly undergone a long period during which the headache and eye trouble-facts confirmed by his doctor-have been a grave disability. It is impossible to dissociate the functional and organic elements in this case, but even so, the antecedent spinal anaesthetic was obviously the original culprit.
The conclusions which may be drawn from this investigation into the late results of spinal ancesthesia are as follows: (1) That though no serious or dangerous nervous sequelme of spinal anaesthesia were found, yet minor symptoms or lesions are by no means infrequent and often persistent. In this series (excluding the three cases of cerebrovascular degeneration) in four cases out of 202 the spinal anaesthetic was almost certainly the cause of the nervous symptoms produced and in two of these four cases the predominant symptom was deafness. In two other cases out of 202, the relationship of the spinal anaesthesia to the nervous symptoms was so close that it was impossible definitely to absolve it from any etiological responsibility.
(2) That nervous sequelae of spinal anaesthesia occur irrespective of the kind of drug used, and are neither more nor less frequent with any one drug than another.
(3) The large number of cases in which the nervous symptoms present were due to organic disease entirely unrelated to the anaesthetic. It is therefore of great importance that any patient who has nervous symptoms attributable to an antecedent spinal anaesthetic should undergo a thorough examination.
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DiU8cu8ion.-The PRESIDENT said that he had had considerable experience with spinal analgesia, very largely at a suburban hospital, where he must have used it in some 2,000 gynsecological cases. A point which he thought to be of interest was that patients at this hospital, being very largely local residents, would tend to return to the same hospital with subsequent ailments. Yet he himself had only seen one case of transient sixth nerve palsy and one case of paresis of the limbs, which proved to be largely functional. He had sometimes questioned the physicians, and particularly one specially interested in nervous complaints, but had obtained no records of nervous lesions following spinal analgesia.
With regard to headaches, he thought that an interesting and inexplicable feature was their periodicity. The Sister of the ward would sometimes tell him that for the last two or three weeks cases of headache had been numerous and severe. Then for long periods there would be only a very few and occasional cases although the technique adopted had not been changed in any way. In past years he had tried numerous variations in the technique employed, but had never been able to convince himself that any one method caused less headache than any other.
The one point of undoubted importance in the prevention of headache was that the patient should be kept as quiet and motionless as possible for from twelve to twenty-four hours after operation. He had often noticed that patients who had undergone long and severe operations, such as Wertheim's hysterectomy, seldom had headache, whereas those in whose case a projected major operation had for some reason been replaced by a curetting, often suffered severely. The latter patients were little upset by their operation and tended to move about in bed and even to sit up almost immediately. The former, on the other hand, were to some extent prostrated, and usually lay motionless in bed for many hours.
He almost always used the " light" 10% solution of stovaine in normal saline. More recently he had employed percaine (by the Howard Jones technique) when a longer or a higher analgesia was required. At first he had thought that percaine caused more headaches than stovaine but latterly he had been unable to find any difference. Nor had he been able to convince himself that the use of very fine needles had any considerable effect in preventing headache.
Mr. DICKSON WRIGHT said that he had never encountered any of the more serious nervous sequele of spinal ancesthesia, such as permanent anestbesia and paralysis. He had known one case of meningitis follow spinal anesthesia; this was due to the meningococcus, and it was of interest that an epidemic of cerebrospinal meningitis was commencing in the ward in which the case occurred. It was probable that the irritation of the meninges, as a result of spinal anessthesia, rendered the cerebrospinal fluid more susceptible to meningitis through the usual nasal channels.
Two cases of acute mania had occurred in his experience, botb after 8 c.c. of 1: 1,000 percaine. The mania in each case was associated with cyanosis and great mental confusion, and in one case with acute cdema of the lungs, which proved fatal. The occurrence of these two cases had made him give up the use of percaine. There was no doubt that the most annoying sequel to spinal anesthesia was headache. It had been his experience that the patients nmost liable to develop this complaint were those who had always been susceptible to headache, and he had also noticed that patients suffering from an indefinite type of migraine would, after spinal anesthesia, develop characteristic migraine with teichopsia, amblyopia and sickness.
In two cases of severe headache lumbar puncture had been carried out, and the pressure was found to be reduced. This lowering of the cerebrospinal pressure was almost invariable in cases of migraine also.
Mr. C. LANGTON HEWER gave particulars of a case of paralysis following spinal injection. A lumbar puncture was performed between the first and second lumbar vertebre. Cerebrospinal fluid escaped from the needle at the first attempt. 15 c.c. 1: 1,500 percaine was injected in accordance with Dr. Howard Jones's technique. Analgesia and relaxation were satisfactory for a cholecystectomy and appendicectomy, but subsequently the right leg remained almost completely paralysed and analgesic, the left leg was slightly affected and there was incontinence of urine and fveces. Nine months later a laminectomy was performed and the lowest part of the spinal cord and upper portion of the cauda equina appeared to be constricted by a sheath of fibrous tissue which was dissected away. Since that operation there had been slight but continuous improvement in the muscular power of the legs but the incontinence remained. He (Mr. Hewer) after consideration of this case, suggested that punctures higher than L 2-L 3 should be abandoned and the desired height of analgesia obtained by the injection of a slightly larger volume of solution.
Dr. J. K. HASLER said he believed that headache was largely due to seepage and he had been able to reduce its occurrence by the use of a veryfine needle. He had two cases on record in which headache had occurred after the use of a medium-sized needle (standard wire gauge 20)
but was absent after a later operation when a very fine needle (s.w.g. 23) had been used.
Mr. E. T. C. MILLIGAN: As a challenge to the orthodox view that the patient after spinal anesthetic should remain for some hours in the " head down " position to avoid headache it may be mentioned that for several years low spinal anesthesia (sacral nerve block) has been employed extensively in out-patient work where the post-anmsthetic " head down " routine could not be carried out.
Low spinal ansesthesia, admirably suited to out-patient work, is routinely used in the following procedures: Difficult and painful cystoscopic examinations; cystoscopic fulguration of bladder growths; difficult and painful dilatation of urethral strictures; sigmoidoscopy in intolerant patients, when a full length view is indicated, or for fulguration of adenomata of the colon.
After resting for one or two hours subsequent to treatment, these patients are able to proceed on their way. Headaches are no more frequent than in those in-patients who can be kept in the head down position for several hours.
Several of these patients have repeatedly had spinal aniesthetics during the last four years. Two have submitted cheerfully to the procedure over twenty times and have suffered no unpleasant post-anesthetic complication.
Mr. HOWARD JONES: The nervous sequele of spinal anmesthesia may, I think, be divided into (1) infective, (2) traumatic, and (3) toxic. The first two are merely due to faults in technique. Mr. Langton Hewer's case determines the second lumbar interspace as the highest safe point of injection. The toxicity of the injections used is beyond dispute, and an accidental intravenous injection is fatal.
The cerebrospinal fluid must be clear before large volumes of solution may be injected. A parallel can be found in the effects of the bacterial toxins which attack the central nervous system in a similar manner. During the course of diphtheria, among other palsies, squint may develop in the third week.
It is possible that the analgesics have some effect on cells, which hinders anabolic activity and although not immediately knocked out, they run down like a battery in about ten days, and require three weeks to recover.
The theory that normal brain and arachnoidal conditions may permit a pressure palsy of the abducens is highly improbable. Cocaine produced permanent blindness. This method is merely the simplest manceuvre in regional blocks.
The toxicity of injections is proportional to concentration. The first series of injections with 1: 1,000 percaine produced toxic vomiting in low-weight women and therefore the average strength was reduced to 1 : 1,500.
Patients who are already toxic must be served with weaker solutions. Large doses of drugs in high concentration should be abandoned and bad sequele recognized as being due to maladministration. There is nothing essentially dangerous in a correctly administered subarachnoid block in suitable cases in which the patients can stand a moderate fall of blood-pressure and the muscular paralysis involved.
